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(57) ABSTRACT 

A semiconductor package is provided, including: an insu 
lating base body having a first Surface with an opening and 
a second Surface opposite to the first Surface; an insulating 
extending body extending outward from an edge of the first 
Surface of the insulating base body, wherein the insulating 
extending body is less in thickness than the insulating base 
body; an electronic element having opposite active and 
inactive surfaces and disposed in the opening with its 
inactive Surface facing the insulating base body; a dielectric 
layer formed in the opening of the insulating base body and 
on the first Surface of the insulating base body, the insulating 
extending body and the active surface of the electronic 
element; and a circuit layer formed on the dielectric layer 
and electrically connected to the electronic element. The 
configuration of the insulating layer of the invention facili 
tates to enhance the overall structural rigidity of the package. 

10 Claims, 6 Drawing Sheets 
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SEMCONDUCTOR PACKAGE AND 
FABRICATION METHOD THEREOF 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims under 35 U.S.C. S119(a) the 
benefit of Taiwanese Application No. 1031391.87, filed Nov. 
12, 2014 the entire contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to semiconductor packages, 

and more particularly, to a semiconductor package having 
wafer level circuits and a fabrication method thereof. 

2. Description of Related Art 
Along with the rapid development of electronic indus 

tries, electronic products are developed toward the trend of 
multi-function and high performance. Accordingly, there 
have been developed various types of flip-chip packaging 
modules such as chip Scale packages (CSPs), direct chip 
attached (DCA) packages and multi-chip modules (MCM). 
and 3D IC chip stacking technologies. 

FIG. 1 is a schematic cross-sectional view of a conven 
tional semiconductor package 1. Referring to FIG. 1, the 
semiconductor package 1 has a silicon interposer 10 pro 
vided between a packaging Substrate 18 and a semiconduc 
tor chip 11. The silicon interposer 10 has a plurality of 
through silicon vias (TSVs) 100 and an RDL (redistribution 
layer) structure 15 formed on the TSVs 100. The RDL 
structure 15 of the silicon interposer 10 is electrically 
connected to bonding pads 180 of the packaging substrate 18 
through a plurality of conductive elements 17. The bonding 
pads 180 of the packaging substrate 18 have a large pitch 
therebetween. Further, an adhesive material 12 is formed to 
encapsulate the conductive elements 17. The TSVs 100 of 
the silicon interposer 10 is electrically connected to elec 
trode pads 110 of the semiconductor chip 11 through a 
plurality of solder bumps 19. The electrode pads 110 have a 
small pitch therebetween. Further, an adhesive material 12 is 
formed to encapsulate the solder bumps 19. 

Conventionally, if the semiconductor chip 11 is directly 
attached to the packaging substrate 18, a big CTE (Coeffi 
cient of Thermal Expansion) mismatch between the semi 
conductor chip 11 and the packaging Substrate 18 adversely 
affects the formation of joints between the solder bumps 19 
of the semiconductor chip 11 and the bonding pads 180 of 
the packaging Substrate 18, thus easily resulting in delami 
nation of the solder bumps 19 from the packaging substrate 
18. On the other hand, along with increased integration of 
integrated circuits, the CTE mismatch between the semi 
conductor chip 11 and the packaging Substrate 18 induces 
more thermal stresses and leads to more serious warpage, 
thereby reducing the reliability of electrical connection 
between the semiconductor chip 11 and the packaging 
substrate 18 and resulting in failure of a reliability test. 

Therefore, the silicon interposer 10 close in material to the 
semiconductor chip 11 is disposed between the semiconduc 
tor chip 11 and the packaging Substrate 18 So as to effec 
tively overcome above-described drawbacks. 

However, to form the TSVs 100 of the silicon interposer 
10, a plurality of through holes need to be formed in the 
silicon interposer 10 and filled with metal, thus incurring a 
high fabrication cost. For example, for a 12-inch wafer, the 
TSV cost occupies about 40 to 50% of the total cost for 
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2 
fabricating the silicon interposer 10 (not including labor 
cost). Consequently, the cost of the final product is 
increased. 

Further, the techniques for fabricating the silicon inter 
poser 10 are difficult to perform, thus resulting in a low yield 
of the semiconductor package 1. 

Therefore, how to overcome the above-described draw 
backs has become critical. 

SUMMARY OF THE INVENTION 

In view of the above-described drawbacks, the present 
invention provides a semiconductor package, which com 
prises: an insulating base body having a first Surface with an 
opening formed therein and a second Surface opposite to the 
first Surface; an insulating extending body extending out 
ward from an edge of the first Surface of the insulating base 
body, wherein the insulating extending body is less in 
thickness than the insulating base body; an electronic ele 
ment having opposite active and inactive surfaces, wherein 
the electronic element is disposed in the opening of the 
insulating base body with the inactive surface of the elec 
tronic element facing the insulating base body; a dielectric 
layer formed in the opening of the insulating base body and 
on the first Surface of the insulating base body, the insulating 
extending body and the active surface of the electronic 
element; and a circuit layer formed on the dielectric layer 
and electrically connected to the electronic element. 

In the above-described package, the insulating extending 
body and the insulating base body can be integrally formed. 

In the above-described package, the inactive surface of 
the electronic element can be bonded to the opening of the 
insulating base body through a bonding layer. 

In the above-described package, the inactive surface of 
the electronic element can be exposed from the second 
Surface of the insulating base body. 

In the above-described package, a portion of the circuit 
layer can penetrate the dielectric layer so as to be exposed 
from the insulating extending body. 
The present invention further provides a method for 

fabricating a semiconductor package, which comprises the 
steps of providing a carrier having a recess, wherein the 
carrier and the recess have an insulating layer formed 
thereon, disposing at least an electronic element on the 
insulating layer in the recess of the carrier; forming a 
dielectric layer on the insulating layer and the electronic 
element, wherein the dielectric layer encapsulates the elec 
tronic element; forming on the dielectric layer a circuit layer 
electrically connected to the electronic element; and remov 
ing the carrier to expose the insulating layer. 

In the above-described method, the carrier can be made of 
a silicon-containing Substrate. 

In the above-described method, the carrier can be 
removed by wet etching using the insulating layer as an etch 
stop layer 

In the above-described method, the carrier can have a 
plurality of recesses, and the method can further comprise 
performing a singulation process after removing the carrier. 

In the above-described method, the electronic element can 
have opposite active and inactive Surfaces, and the inactive 
surface of the electronic element can be bonded to the 
insulating layer in the recess through a bonding layer. 

After removing the carrier, the above-described method 
can further comprise removing a portion of the insulating 
layer and the bonding layer so as to expose the inactive 
Surface of the electronic element from the insulating layer. 
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After removing the carrier, the method can further com 
prise removing a portion of the insulating layer so as to 
expose the circuit layer form the insulating layer. 

In the above-described package and method, the insulat 
ing layer (or the insulating base body and the insulating 
extending body of the package) can be made of silicon oxide 
or silicon nitride. 

In the above-described package and method, an RDL 
structure can be formed on the dielectric layer and the circuit 
layer and electrically connected to the circuit layer. Further, 
a packaging Substrate can be disposed on and electrically 
connected to the RDL structure. 

In the above-described package and method, a packaging 
Substrate can be disposed on and electrically connected to 
the circuit layer. 

Therefore, through configuration of the insulating layer, 
the present invention enhances the overall structural rigidity 
of the semiconductor package, reduces the thickness of the 
dielectric layer and avoids warping of the semiconductor 
package caused by temperature variation. 

Further, the present invention dispenses with the conven 
tional silicon interposer, thereby greatly reducing the fabri 
cation cost, simplifying the fabrication process and improv 
ing the product yield. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a conven 
tional semiconductor package; 

FIGS. 2A to 2H are schematic cross-sectional views 
showing a method for fabricating a semiconductor package 
according to a first embodiment of the present invention, 
wherein FIGS 2B' and 2B" show other embodiments of 
FIG. 2B, FIGS. 2G and 2G" show other embodiments of 
FIG. 2G, and FIGS. 2H and 2H" show other embodiments 
of FIG. 2H; and 

FIGS. 3A and 3B are schematic cross-sectional views 
showing a method for fabricating a semiconductor package 
according to a second embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The following illustrative embodiments are provided to 
illustrate the disclosure of the present invention, these and 
other advantages and effects can be apparent to those in the 
art after reading this specification. 

It should be noted that all the drawings are not intended 
to limit the present invention. Various modifications and 
variations can be made without departing from the spirit of 
the present invention. Further, terms such as “on”, “a” etc. 
are merely for illustrative purposes and should not be 
construed to limit the scope of the present invention. 

FIGS. 2A to 2H are schematic cross-sectional views 
showing a method for fabricating a semiconductor package 
2 according to a first embodiment of the present invention. 

Referring to FIG. 2A, a carrier 20 having a plurality of 
recesses 200 is provided. The carrier 20 and the recesses 200 
have an insulating layer 22 formed thereon. 

In the present embodiment, the carrier 20 is a silicon 
containing Substrate, and the insulating layer 22 is made of 
silicon oxide such as SiO, or silicon nitride such as SiN. 
The depth d of the recesses 200 is at most half of the 

thickness T of the carrier 20. 
Referring to FIG. 2B, a plurality of electronic elements 21 

are disposed on the insulating layer 22 in the recesses 200 of 
the carrier 20. 
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4 
In the present embodiment, each of the electronic ele 

ments 21 has an active surface 21a with a plurality of 
electrode pads 210 and an inactive surface 21b opposite to 
the active surface 21a. The inactive surface 21b of the 
electronic element 21 is bonded to the insulating layer 22 
through a bonding layer 211, and the electronic element 21 
does not protrude above the corresponding recess 200. The 
thickness t of the electronic element 21 is in a range of 10 
to 300 um, preferably, in a range of 20 to 150 um. The 
thickness m of the bonding layer 211 is in a range of 5 to 25 
l 

In another embodiment, referring to FIG. 2B', the elec 
tronic elements 21 protrude above the recesses 200. 

Further, the bonding layer 211 is, for example, a die attach 
film. The bonding layer 211 can be formed on the inactive 
surfaces 21b of the electronic elements 21 and the electronic 
elements 21 are then bonded to the insulating layer 22 in the 
recesses 200 through the bonding layer 211. Alternatively, 
referring to FIG. 2B", the bonding layer 211 can be formed 
on the insulating layer 22 in the recesses 200 by such as 
dispensing and the electronic elements 21 are then bonded to 
the bonding layer 211. 

Each of the electronic elements 21 is an active element 
Such as a semiconductor chip, a passive element Such as a 
resistor, a capacitor or an inductor, or a combination thereof. 
In the present embodiment, each of the electronic elements 
21 is an active element having a single chip structure, and 
each recess 200 receives two electronic elements 21 therein. 

In another embodiment, referring to FIG. 2B", each of the 
electronic elements 21' is an active element Such as a 
multi-chip module. For example, two chips 212a, 212b are 
bonded together by a bonding material 212 (for example, an 
epoxy resin) so as to form a module, and the module is then 
disposed in a recess 200. 

Referring to FIG. 2C, continued from FIG. 2B, a dielec 
tric layer 23 is formed on the insulating layer 22 and the 
electronic elements 21, and a plurality of via holes 230 are 
formed in the dielectric layer 23 to expose the electrode pads 
210 of the electronic elements 21. 

In the present embodiment, the dielectric layer 23 is filled 
in the recesses 200 of the carrier 20 to encapsulate the 
electronic elements 21. 
The dielectric layer 23 is made of a photosensitive mate 

rial such as polyimide (PI), polybenzoxazole (PBO) or 
benzocyclobutene (BCB). As such, the dielectric layer 23 
and the insulating layer 22 are made of different materials. 
The via holes 230 are formed by a chemical method such 

as etching or a physical method Such as laser drilling. 
Referring to FIG. 2D, a circuit layer 24 is formed on the 

dielectric layer 23, and a plurality of conductive vias 240 are 
formed in the via holes 230 for electrically connecting the 
circuit layer 24 and the electrode pads 210 of the electronic 
elements 21. 

In the present embodiment, the circuit layer 24 includes 
wafer level circuits instead of packaging Substrate level 
circuits. The packaging Substrate level circuits have a mini 
mum line width/pitch of 12/12 um. But the wafer level 
circuits having a minimum line width/pitch below 3/3 um 
can be fabricated through semiconductor processes. 

Referring to FIG. 2E, an RDL process is performed to 
form an RDL structure 25 on the dielectric layer 23 and the 
circuit layer 24. The RDL structure 25 is electrically con 
nected to the circuit layer 24. 

In the present embodiment, the RDL structure 25 has a 
dielectric portion 250, a circuit portion 251 and an insulating 
layer 26 stacked on one another. A plurality of openings 260 
are formed in the insulating layer 26 to expose the circuit 



US 9,627,307 B2 
5 

portion 251, and a plurality of conductive elements 27 such 
as solder balls are formed on the circuit portion 251 in the 
openings 260. 

Referring to FIG. 2F, the carrier 20 is removed to expose 
the insulating layer 22. 

In the present embodiment, the carrier 20 is removed by 
wet etching using an etching solution Such as TMAH or 
KOH, and the insulating layer 22 serves as an etch stop 
layer. 

Referring to FIG. 2G, a singulation process is performed 
along a cutting path S of FIG. 2F, thereby forming a 
semiconductor package 2 of the present invention. 

In the present embodiment, the insulating layer 22 has an 
insulating base body 32 and an insulating extending body 42 
extending from the insulating base body 32. The insulating 
base body 32 has a first surface 32a and a second surface 32b 
opposite to the first surface 32a. An opening 320 is formed 
in the first surface 32a of the insulating base body 32 and 
receives the electronic elements 21 therein. The insulating 
extending body 42 extends outward from an edge of the first 
surface 32a of the insulating base body 32, and the thickness 
h of the insulating extending body 42 is less than the 
thickness L of the insulating base body 32. 

In another embodiment, referring to FIG. 2G', after the 
singulation process, a portion of the insulating base body 32 
and the bonding layer 211 are removed from the second 
surface 32b of the insulating base body 32 so as to expose 
the inactive surfaces 21b of the electronic elements 21. As 
Such, a semiconductor package 2" is obtained. 

In another embodiment, referring to FIG. 2G", if the 
process is continued from FIG. 2B', a semiconductor pack 
age 2" is obtained. 

Referring to FIG. 2H, continued from FIG. 20, a pack 
aging substrate 28 is disposed on the RDL structure 25 
through the conductive elements 27, and the circuit portion 
251 of the RDL structure 25 is electrically connected to the 
packaging Substrate 28. 

In another embodiment, referring to FIG. 2H', continued 
from FIG. 2D, after formation of the circuit layer 24, neither 
the dielectric portion 250 nor the circuit portion 251 is 
formed. Instead, the insulating layer 26 is directly formed on 
the circuit layer 24 and has a plurality of openings 260 
exposing portions of the circuit layer 24. As such, the 
conductive elements 27 are formed on the exposed portions 
of the circuit layer 24. Then, a singulation process is 
performed. Thereafter, the packaging Substrate 28 is dis 
posed on and electrically connected to the circuit layer 24 
through the conductive elements 27. 

In another embodiment, referring to FIG.2H", the process 
is continued from FIG. 2B" so as to form a semiconductor 
package. 

FIGS. 3A and 3B are schematic cross-sectional views 
showing a method for fabricating a semiconductor package 
3 according to a second embodiment of the present inven 
tion. The present embodiment differs from the first embodi 
ment in the configuration of the insulating extending body. 

Referring to FIG. 3A, during formation of the circuit layer 
24, a circuit layer 34 is further formed on the insulating 
extending body 42. The circuit layer 34 has a plurality of 
conductors 340 penetrating the dielectric layer 23. As such, 
after the carrier 20 is removed, portions of the insulating 
extending body 42 are removed to expose the conductors 
340 of the circuit layer 34. 

Referring to FIG. 3B, a plurality of conductive bumps 37 
are formed on the exposed conductors 340 for bonding with 
an electronic device Such as a semiconductor chip (not 
shown). 
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6 
In the present invention, since the dielectric material 23 is 

made of a photosensitive material Such as polyimide (PI), 
polybenzoxazole (PBO) or benzocyclobutene (BCB), it is 
generally required to have a certain thickness to achieve a 
preferred mechanical property Such as structural strength for 
encapsulating the electronic elements 21, 21". In addition, a 
big CTE mismatch between the dielectric layer 23 and the 
packaging Substrate 28 easily causes warping of the semi 
conductor package when the packaging Substrate 28 and the 
dielectric layer 23 are bonded together and a high tempera 
ture process is performed. 

Therefore, the insulating layer 22 of the present invention 
is provided to reduce the thickness of the dielectric layer 23 
and avoid warping of the semiconductor package 2, 2, 2", 3 
caused by temperature variation. 

Further, by dispensing with the conventional silicon inter 
poser, the present invention greatly reduces the fabrication 
cost of the semiconductor package 2, 2, 2", 3, simplifies the 
fabrication process and improves the product yield. 

Also, by dispensing with the conventional silicon inter 
poser, the present invention reduces the thickness of the 
semiconductor package 2, 2, 2", 3. 

Furthermore, since the electronic elements 21, 21' of the 
semiconductor package 2, 2, 2", 3 do not need the conven 
tional silicon interposer for signal transmission, the present 
invention improves the signal transmission speed. 
The present invention provides a semiconductor package 

2, 2, 2", 3, which has: an insulating base body 32 having a 
first surface 32a with an opening 320 formed therein and a 
second surface 32b opposite to the first surface 32a: an 
insulating extending body 42 extending outward from an 
edge of the first surface 32a of the insulating base body 32, 
wherein the thickness h of the insulating extending body 42 
is less than the thickness L of the insulating base body 32: 
at least an electronic element 21, 21' having opposite active 
and inactive surfaces 21a, 21b, wherein the electronic ele 
ment 21, 21' is disposed in the opening 320 of the insulating 
base body 32 with the inactive surface 21a of the electronic 
element 21, 21' facing the insulating base body 32; a 
dielectric layer 23 formed in the opening 320 of the insu 
lating base body 32 and on the first surface 32a of the 
insulating base body 32, the insulating extending body 42 
and the active surface 21a of the electronic element 21, 21'; 
and a circuit layer 24, 34 formed on the dielectric layer 23 
and electrically connected to the electronic element 21, 21'. 
The electronic element 21, 21' is an active element, a 

passive element or a combination thereof. 
The dielectric layer 23 is made of a material different from 

those of the insulating base body 32 and the insulating 
extending body 42. 
The circuit layer 24 has a plurality of conductive vias 240 

formed in the dielectric layer 23 for electrically connecting 
the circuit layer 24 and the electronic element 21, 21'. 

In an embodiment, the insulating extending body 42 and 
the insulating base body 32 are integrally formed. 

In en embodiment, the inactive surface 21b of the elec 
tronic element 21, 21' is bonded to the opening 320 of the 
insulating base body 32 through a bonding layer 211. 

In an embodiment, the inactive surface 21b of the elec 
tronic element 21 is exposed from the second surface 32b of 
the insulating base body 32. 

In an embodiment, the circuit layer 34 has conductors 340 
penetrating the dielectric layer 23 and exposed from the 
insulating extending body 42. 

In an embodiment, the semiconductor package 2, 2, 2", 3 
further has an RDL structure 25 formed on the dielectric 
layer 23 and the circuit layer 24, 34 and electrically con 
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nected to the circuit layer 24, 34, and a packaging Substrate 
28 disposed on and electrically connected to the RDL 
Structure 25. 

In an embodiment, the semiconductor package 2, 2, 2", 3 
further has a packaging Substrate 28 disposed on and elec 
trically connected to the circuit layer 24, 34. 

Therefore, through configuration of the insulating layer, 
the present invention enhances the overall structural rigidity 
of the semiconductor package, reduces the thickness of the 
dielectric layer and avoids warping of the semiconductor 
package caused by temperature variation. 

Further, the present invention dispenses with the conven 
tional silicon interposer, thereby greatly reducing the fabri 
cation cost, simplifying the fabrication process and improv 
ing the product yield. 

Furthermore, by dispensing with the conventional silicon 
interposer, the present invention reduces the overall thick 
ness of the final products and improves the signal transmis 
sion speed of the electronic elements. 

In addition, since the carrier is made of a silicon-contain 
ing Substrate, it is not easy to warp. 
The above-described descriptions of the detailed embodi 

ments are only to illustrate the preferred implementation 
according to the present invention, and it is not to limit the 
Scope of the present invention. Accordingly, all modifica 
tions and variations completed by those with ordinary skill 
in the art should fall within the scope of present invention 
defined by the appended claims. 
What is claimed is: 
1. A semiconductor package, comprising: 
an insulating base body having a first Surface with an 

opening formed therein and a second surface opposite 
to the first surface; 

an insulating extending body extending outward from an 
edge of the first surface of the insulating base body, 
wherein the insulating extending body is less in thick 
ness than the insulating base body; 
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an electronic element having opposite active and inactive 

Surfaces, wherein the electronic element is disposed in 
the opening of the insulating base body with the 
inactive Surface of the electronic element facing the 
insulating base body; 

a dielectric layer formed in the opening of the insulating 
base body and on the first surface of the insulating base 
body, the insulating extending body and the active 
surface of the electronic element; and 

a circuit layer formed on the dielectric layer and electri 
cally connected to the electronic element. 

2. The package of claim 1, wherein the insulating base 
body is made of silicon oxide or silicon nitride. 

3. The package of claim 1, wherein the insulating extend 
ing body is made of silicon oxide or silicon nitride. 

4. The package of claim 1, wherein the insulating extend 
ing body and the insulating base body are integrally formed. 

5. The package of claim 1, wherein the inactive surface of 
the electronic element is bonded to the opening of the 
insulating base body through a bonding layer. 

6. The package of claim 1, wherein the inactive surface of 
the electronic element is exposed from the second surface of 
the insulating base body. 

7. The package of claim 1, wherein a portion of the circuit 
layer penetrates the dielectric layer so as to be exposed from 
the insulating extending body. 

8. The package of claim 1, further comprising an RDL 
(redistribution layer) structure formed on the dielectric layer 
and the circuit layer and electrically connected to the circuit 
layer. 

9. The package of claim 8, further comprising a packaging 
Substrate disposed on and electrically connected to the RDL 
Structure. 

10. The package of claim 1, further comprising a pack 
aging Substrate disposed on and electrically connected to the 
circuit layer. 


